A total of nine glycosylamines of 4,6-O-butylidene-a-D-glucopyranose were synthesized using primary amines having various groups in their ortho-or para-positions. Among these, six are monoglycosylamines, including one primary glycosylamine, and three are bis-glycosylamines. All these compounds were characterized by 1 H, 1 H-1 H COSY, 1 H-13 C COSY and 13 C NMR spectroscopy and FTIR spectra. The FAB mass spectra provided the molecular weights of the products by exhibiting the corresponding molecular ion peaks. The crystal structure of 4,6-O-butylidene-N-(o-chlorophenyl)-b-D-glucopyranosylamine revealed the C-1 glycosylation, the b-anomeric nature, and the 4 C 1 chair conformation of the saccharide unit in the product. In the lattice two types of dimers exist. While one type of dimer is formed through O H···O type of interactions, the other type is formed via C H···O type of interactions. In the direction of these C H···O type of interactions, the dimeric units are connected to form a chain.
Introduction
Glycosylamines are important in carbohydrate enzymology. Some of these are considered to be inhibitors of glycosidases. 1 Reactions that occur between the sugars and the amines under physiological conditions have been reviewed. 2 X-ray crystal structures in the literature reveal that glycosylamines can exist as Schiff bases (open-chain imino compounds) 3,6,8 -10 or as glycosylamines (cyclic structures). 3 -7,11 Our group recently reported 4,6-O-ethylidene-a-D-glucopyranose-based monoglycosylamines and the complexing ability of one of these with alkali, alkaline earth and some post-transition metal ions 12, 13 and also those based on 4,6-Obenzylidene-a-D-glucopyranose 14, 15 and thereby demonstrated for the first time that the glycosylamines derived using substituted aromatic amines can enhance the metal-ion binding characteristics of the corresponding saccharide. Further, our group recently reported the structures of the products of cis-VO 2 + , cis-MoO 2 2 + , and trans-UO 2 2 + with glycosyl imines 16 possessing the saccharide C-1 N C moiety. Therefore, in continuation with our ongoing efforts, we report here the synthesis and characterization of a series of 4,6-O-butylidene-a-D-glucopyranose-based mono-and bis-glycosylamines and the crystal structure of 4,6-O-butylidene-N-(ochlorophenyl)-b-D-glucopyranosylamine.
Experimental
D-Glucose was procured from Aldrich Chemical Co., amines from Lancaster Synthesis Ltd., 1,2-dibro-moethane from Spectrochem Pvt. Ltd, and butyraldehyde from Fluka Chemical Co. 4,6-O-Butylidene-a-Dglucopyranose and 2,2%-[1,2-ethanediylbis(thio)]bisbenzeneamine were synthesized as per the reported procedures. 17, 18 All solvents were purified and dried immediately before use. Elemental analysis was carried out on a CE instruments Flash EA 1112 series, and FTIR spectra were recorded on Nicolet Magna IR 550. The FAB mass spectra were recorded on a JEOL SX 102/ DA-6000 mass spectrometer data system using argon/ xenon (6 Kv, 10 mA) as the FAB gas. The accelerating voltage was 10 kV, and the spectra were recorded at rt with m-nitrobenzyl alcohol (NBA) as the matrix.
1 H NMR spectra were recorded on a Varian VXR 300S. 13 C, 1 H-1 H, and 1 H -13 C COSY spectra were recorded on a Bruker Avance DRX 500 spectrometer. 'BUY' refers to the butylidene moiety of the 4,6-O-protection.
General method for the preparation of glycosylamines of 4,6-O-butylidene-h-D-glucopyranose.-To an ethanolic solution of 4,6-O-butylidene-a-D-glucopyranose (1) (10 mL, 0.48 g, 2.051 mmol) a corresponding amine was added and refluxed for a required period of time. As reported in Table 1 , in some of the reactions the product was separated out as a solid, and in some reactions the product was obtained after concentrating the reaction mixture. In either case the product was separated by filtration and purified by necessary solvents as given in Table 1 . A catalytic amount of anhyd ZnCl 2 (0.006 g, 0.004 mmol) was used in the case of reactions leading to the products 2-5 and 7. Some relevant reaction parameters of the syntheses are given in Table 1. 4 b The product is separated out in the atmosphere of NH 3 at 0-5°C. c Ethanol-diethyl ether. d The product is separated out in the reaction mixture under hot conditions. parameters. Other details of data collection and structure refinement are provided in Table 2 . The OH hydrogens of 2-OH and 3-OH were obtained from difference Fourier maps.
Bis(4,6-O-butylidene-i-D-glucopyranosyl)-2,2%-[1,2-ethanediylbis(thio)]bisbenzeneamine

Results and discussion
1 H NMR studies. -Exchangeable protons such as COOH, OH and NH were further cross checked by measuring the spectra after D 2 O addition. The positions of H-1, H-5 and the CH unit of the butylidene moiety were assigned based on 1 H-1 H COSY spectra. Formation of the glycosylamines mainly involves the condensation of the saccharide at the C-1 center with NH 2 group of an amine. The spectra of the corresponding glycosylamine products 2-10 were devoid of the 1-OH resonance, which was otherwise present in the corresponding precursor saccharide spectrum of 1 (6.45 ppm), indicating that the glycosylation occurred at the C-1 position. Signals corresponding to the two OH groups, 2-OH and 3-OH, of the saccharide moiety were identified from the spectra of 2-10.
The glycosylamine bond formation was also noted through observing the glycosyl-NH peak in the spectra of the products. The large variation observed in the chemical shift of the NH groups (5.0 -8.4 ppm) may be attributed to the nature of the amine counterpart. In all cases, this resonance was observed as a doublet except in the case of 6, since 6 is a primary amine product (1-NH 2 , 2.35 ppm). Upon going from 2 (l o-COOH 12. In the precursor saccharide 1, H-1 was found at 4.92 ppm with a coupling constant 3 J H-1 H-2 of 3.7 Hz, a value that supports the a anomer. In 2-10, both the chemical shift (3.88-5.09 ppm) and the 3 J H-1 H-2 (8.4-9.2 Hz) value for H-1 support the b-anomeric form. Further, the skeletal proton resonances are not much influenced even after glycosylation. In the 1 H NMR spectrum of bis-glycosylamines 8-10, only the resonances of half of the molecule are observed due to the presence of molecular symmetry.
13 C NMR studies. X-ray crystallography. -The diffraction data were collected for 5 on a Nonius Kappa CCD diffractometer in the scan+ scan mode using Mo K a radiation at 152(2) K. The structure was solved and refined using the SHELXS-97 19 program package. The diagrams were generated using ORTEP3 20 program. Full-matrix leastsquares refinement with anisotropic thermal parameters for all non-hydrogen atoms was used. The hydrogen atoms were treated as riding atoms with fixed thermal . Comparison of the spectra, both in the functional group region and in the fingerprint regions with respect to the precursor, suggested the C-1-N-glycosylation having taken place in all the products.
FABMS studies. -In all the cases, the molecular-ion peaks were observed, confirming the molecular weight of the product structures shown in Scheme 1.
Molecular and crystal structure of 5. -Glycosylamine 5 crystallized in the monoclinic space group P2 1 and is shown in Fig. 1 as an ORTEP structure. The structure of 5 revealed the presence of C-1 glycosylation of the saccharide moiety with ortho-chloroaniline to result in 4,6-O-butylidene-N-(o-chlorophenyl)-b-D-glucopyranosylamine. The Cremer-Pople and asymmetry parameters 21 -24 (Table 3) were obtained using the program PLATON 94 25 for both of the six-membered rings. Bond lengths and bond angles present in 5 are quite normal, and selected examples are given in Table 4 . The b-anomeric form and the 4 C 1 chair conformation of the (5), showing (50%) probability thermal ellipsoids using ORTEP. Table 3 Cremer-Pople puckering parameters and asymmetry parameters for 5
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DCs (C-9 C-12) chlorine center (ortho to the amine center) can cause this rotation as the system gains energy during the formation of a bis-chelate with the incoming metal ion.
Each molecule in the lattice (Fig. 3) is connected with one neighboring molecule to result in the formation of a head-to-tail type of dimer through four O H···O interactions. In the process, the 2-OH extends one donor type of H-bond, the 3-OH extends two H-bond interactions (one donor type and another acceptor), and the 4-O extends one H-bond interaction as acceptor. These dimers are further interconnected through C H···O type of H-bond interactions between the C H of the phenyl moiety and 2-O of the neighboring dimer to result in a chain of dimers. This arrangement also resulted in the formation of another type of dimer in the lattice through overlap of the phenyl moieties. However, no interactions were observed between two such chains. The hydrogen-bond data is listed in Table 5 .
Supplementary material
Full crystallographic details, excluding structure factors, have been deposited with the Cambridge Crystallographic Data Centre for structure 5 (CCDC 173857). These data may be obtained, on request, from The Director, CCDC, 12 Union Road, Cambridge CBZ 1EZ, UK (Tel.: + 44-1223-336408; Fax + 44-1223-336033; e-mail: deposit@ccdc.cam.ac.uk or www: http://www.ccdc.cam.ac.uk).
saccharide are evidenced through the stereoview shown in Fig. 2 and also through the corresponding torsion angles provided in Table 4 . Based on the torsion angles, it was noted that the C-7 N-8 bond is oriented antiwith respect to the C-9 -C-15 and gauche-with respect to the C-9 O-10 bonds. The glycosylation clearly resulted in a change in the state of the anomeric form from a to b. With the existing conformation of 5 in the solid state, the arrangement of atoms O-16, N-8 and Cl-1 is not well suited to form a bis-chelate with the metal ions. However, a rotation about C-9 -N-8 can bring these three atoms spacially such that the glycosylamine could act as a bis-chelate. Presence of the functional and/or the binding groups in place of the Table 4 Selected bond lengths (A , ), bond angles (°) and torsion angles (°) for 5 
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